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ABSTRACT

A small, light weight, under ● pound, paper

rocket tornado probe has been developed ●nd de-
ployed this season in ● n attempt to ● easurr the
preo-uret temperature, ionization, ●nd electric

field variations ●long I trajectory penetrating a
tornado funnel. The ‘requirements oi weight ●nd
materials are set by federal regulations ●nd

scientifically one would like one-meter resolution
at ● pcrwtratlon velocity of close to Hach 1. We

have ●chIeved these requirements by telcrmetering ●

strain gage ti.ansducer for pressure, ❑icro size
themister snd electrlc field, ●nd ionization
sensors via ● pu!se time telemetry to ● receiver

on board ●n ●lrrraft that dl~itizes ● signal ●nd
presents it to ● 280 ●~crocotsputer for recording
on ●ltri-floppy disk. Recording rate 1s 2 ms for 8

chaunels of information that also includes telem-

etry RF field strength, magnetlr field for orien-
tatiurr on the rocket, zero r?ference voltage for

the sensor op ●mps ● s WC1l ● s the previously

meutlonrd pressure, testperaturo, ●lectrlc fkcld

●nd tonlza~lon. Tht, ah~olut? pressure la recorded

●s well as differentially with times 10 gain

Tactically, wc have flnwn over 120 bourn ~n ●

Ceaana 210 this tor[,ado season; April and H&y

19S1, and ?ncount@red cne tornado Hay 22, 70 miles
vest of Oklshoma City. Four rockets were flr~d ● t

this tornado, ●iss~d, ●nd there were ●any equip-

ment problems, Thr ●quipuent ttceds to be hardrned
●nd engineered to ● ci8n~ficant degrer, but we

b~lieve we havr proved th? feasibility of the

probe, tactics, ●nd launch platfom for future
tornado work. The approach to a turnado IS slmp-

Icr than flying ●long ●id? the thunderstorm b?-
cauae of the gwwrsl ltck of turbulence in th?

nclghhorhoud ui a tornado, but the Iogistics of

thunderstorm chasing from ● reml’.e basr in New

tlcxico I- ● ●ajor difficulty and reliability of

:hr ●quipment ●nether. We baw fired over 50

duD} rockets to prove trajectories, stability,
●nd photographic capability, We hav~ fir?d ov~r

25 clrctrorrically equipp~d rockets to prove sen-
sor., trarrsmlssion, breakaway connections, ttc,
UC have cali!rrattd the preonure recovery factor in
th~ Air Forte Academy blow-down tunn~l, W? admit

th~ need fo( ● ore refirrrd engin?er~rrg ●nd ● nrr

lotiettc ●uppnrt.

A tornado rocket probe ● ust fly ● t clos~ to
HKff 1 in or4er to penetrate a tnr-ado ●nd not

hav~ fta traj~ctory n~vfr~ly p?rtut,,d by thr
tornado velocities. Such ● rock?t, its instrumen-
tation, ●nd telemetry ● ust wrigh Icsn than ● pound



and be ❑ade of paper to ❑eet FM regulatirnrr ●nd
the rocket motor must contain lZ-S thsn 80 g nf

propellant to meet federal regulations of a non-
lethal weapon.

Figure 1 chows a cross section of the reck
the ●ngine, ●nd fins were designed ●nd made .y

George Roos of Flight Systems, Burnn Flat,
Oklahoma, and Lhe rtdlo telemetry system by Hike
Exner of Synergrtics, Boulder, Colorado. The

computer recording oystem in the plsne was dcsignrd
and built by Ron Lingeman of Otrona CorporaLiou,

Boulder, Colorado. The sensors and their ●ssoci-
ate,l amplifiers htve been constructed with the aid
of students ● t New tfexico Tech ●nd are ●hewn on
Lhc succeeding flg~res. The batLery is ● 9-VOIL

.iIkallne Lrans]sLor baLLery thaL can br recharged
b-hlle on the launcher so the rocket does not need

to be take]] ●part for new bstLery irrcertion.
Externally on Lhr rocket ● rc tbt launch lugs,

●rLennae, nose cone, ●lecLric field sehsor, ●nd
baLtery byp~sc break#way cnnrrectiorrs,

F]gure 2 shows a cutaway of Ltre ❑ose cone
LhJl ]nc]Jdes the ● ntr~nce slr path to both the

pressure ●nd trmpersturr transducers as well ● s
thr lonl?atlorr detector, The rrcovery factor o!
the nose cone has been measured in the blow-dom
tunnel of Lhr US Air Forcr Academy t(, bc 80%, The

thermlstrr IL a 0.007-In, dlmeler btre bead

thrrm]strr Lhst IS co-ted with Krylon LO reduc-
scosltivlty LO llquid water. Tbc pr~ssure Baug-

IS # se-led pill box madr of 40-mll p]#sLIr with ●

solid sLstr strain gaugr Rlurd to its surface.
Thr ]or11za(16n ■rzsurr~nt IS performed by Lhc

current drtccted between L*o concentric tubr.s b’]th

J alr flow corrrsp~rrdlrag to 1/10 thr area of thr
lnpu[ dlr p~th.

}’lgurr J shows thr varlou~ component of IIIF

IIOSC conr In grr~trr drta]l Jnrl F~gurr L shows thr
●lrllronlc rlriull~ ubrd to hmpllfy the vsr]ous

sl#nJls hrforr ]nterfaclnu to (h? Rll]LIp]excr and
Lransmlllrr

Fltny SEI (Ls of thr mymlem r,?ed to br imprwrd,
t~rlglnally, thr roch~(s wrrr plsranrd for booster

laun(tl from the planr In order thst thr firlns
rfrlay of the ● alrr ●nglrrr, ],6 s, dld 00L prrturtr

● ]m ● t fln~l ●pproach to t tornsdo, TtArsc b~V?

s)nc? brrn tllmprnsed wl?.h becaus? of rellabllity,

A rttvrrl Ik thow srr F\s, 5 of (.J unboornirrl rockr(

fhrrd ● l IL, 500 fe~t into o thunderstorm in

nnrthrrn Nrw tfexlco, May 31, 1961. Thr rlata havr
hrrn transfrrrrd from r.hr 280 coaputrr to thr

●tmosphrrlr sc]enrr Prim4 comput<r at Nrw ti~xico
Trlh for prrlimlnary dsta procrssitig srrd ~raphlng,
Thr Iimr coordlnatr is not yet ful!y wsolwd bui
IS :ivmr instead in t-mI of r-cord number. Each

record ron~istm of 16 frmm of 0 cbaur.rlm of
data, csch orrc of rou~bly 2 ● ao that ● record
numhrr unit i I 32 ● . Thr nctusl tlw is recorded
hy th~ r-puLer and ● ust br mcalcd by Lhe l~te~ral
total oiSnal strengLh, This ●nalysis IMs y?t LO
l,r rwmpl~ld, The top LWO trtce~ of ionization

●nd ?Iectrlr fi?ld ● rr msaninslen~ brraunr of
hrvahauay voltm~p ●imatcb, Graph Fiu, 5C ohow
thr preamurc ● s a ❑~:ative nisrral with its cali-

br~llion, Thr p-ih ●isrrai l@vQl corrcsporrdb to a
ch~lnnr in pr~snur? ● ( th~ transduc~r of .’IS ● twom-
phr+rrs or Msch 1,06 flight ● t 14,500 fret ●nd a



recovery factor in the nose cone of 80%. Figure
6a is the corresponding temperature trace showing
AT = 70° C and ●gain with the same recovery factor,
Hach 1.1 is calculated. This is satisfactory
agreement with the pressure record. The magnetic
field trace is badly distorted, ●gain because of
breakaway connection voltage mismatch ●nd the

differential pressure trace in Fig. 6C shows ● n

amplified differentiation of the pressure curve.
The noise spikes in all traces ● re dropouts on the
telemetry which, inadvertently, is due to the
polarization of the transmitting ● ntenna and the

receivin8 ● ntenna. Figure 7a shows this oscil-

lation of the received RF signal strength ● s the
rocket rotates in flight. In Fig. 7b is shown the

reference voltage that goes to all the simplifiers
as the middle-of-range zero level. The fact that
this recording shows remarkable coustancy is
indicative of the stability of most of tbe instru-
mentation. Earlier this same rocket with instru
mentatlon transmitted from the ground and was

receivert o,: the aircraft several ●iles distance.
The trace in Fig. 8C shows the pickup on the

●agnetic detector from n-arby ● c power line of t
.3 gauss.

Threr photographic systems ● re used to record

the flLght of the rockets relatlve to a target.
These ● re ● Supe. $ movie camera, two 16-- gun
cameras (one for each wing) ●nd •~ ●uto-wind two
frames/s, 32-M camera. The pilot load with this

much ●quApment has proved excessive.

Two photographs ● rr iucluded - Fig. 9 is thr

outline of the tornado flay 28, 1981, from a color
16-- frame ●nd Fi8. 9 1s from a 33-- sl)de of ● n
unslable rocket fligh[ due to s f~n being str~pped

●t launch. The problem, the dlaRnosis, ●nd solu-
tlon ● re ●ll typical of the projtct. Current

fl]Rhts ● re all stra~ght ●nd stable.

Over half the project is concerned with the

search tact~cs dlrectrd hy th~ Nat]onal Sever?

Storm Lab “now” forecasting center under the
direction of Don Burgess. The decls]on to fly and
whe re is determined In the ●orning on ● dally
basiti ●nd the ●ctual ●pprcsch to thunderstorms is
s~lectrd on the basis of a Ryan’s storm s:opr.
Varlnua communication channels with NSSL have been

attempted, but ● successful search in the future
will have to depend upon tbe ground search-team

radio. The rocket tornado probe tould be f]rrd
rquslly well from s !snd vrhlclr o; ~ helic{~rit~i

Th]s work has been supported by the Nationrl

S(lence Foundation, NOOA, and Los Alamos Natlonsl

Laboratory.

1 ●m deepIy indebted to s very large n~ber

of peopl? who have helped with this project from

its inception, among w!mm ● re Joe Golden, NOOA;

Eric D~llon, Richard Carlson, Krvin Heier, and
Paul Clement, all of New Hexico Tech. Dot, Burg~-s
anJ statf ● t NSSL have been ● ●ajor ●nd consistent

support ● s weIl ●any other members of the laboratory.
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Fig. 1.

Fig. 2.

Fig. 3.

Outline of the rocket probe showing
the principal components of nose cone
with a pressure transducer and thermistor
as well the ionization :auge. This ic
followed by the sensor electronics board
which d~-~elcps the appropriate voltages
as well JS amplifiers and includes the
❑agnetic field sensor for rocket orien-
tation. Following tnat is the battery,
which is a 9-volt transistor bB~tery of
the alkaline t-ype so that it can be
recharged without d~smantling the rocket.
Following that is the multiplexer and
transmitter that dlives the antennae and
then the rocket rngine which boosts the
rocket to tlach :

Blowup of the nose cone which shows the
entrance air path which is large enough
such that the flow through the ionization
gauge can 8ive an appropriate measurement
of ionization as well as a large enough
flow for both the th~rmister and a preG-
sure measurement with the short time
scale required. The weep holes in the
ionization tube at the aft of the nose
cone are such as that flow through these
holes is correspond! to 1/10 of the cross
section of the input air path. This 10%
flow through loss LS well as the nose
cone shape is what determines the 80%
pressure recovery factor determined in
the blow-d~wn tunnel of the US Air Force
Academy.

A blowup of the nose cone and the con-
struction of the pill box with a solid
state strain gauge. This is the primary
pressure ❑easurement. Solid state ctrain
gauges are quite sensitive to temperature
and so there is a small thermal insula-
tion over the solid state strain gauge to
reduce the temperature sensitivity during
the finite time of the flight,



Fig. 4. Outline of the electronics. One notes
that the electric field and ionization
final amplifiers are differential log
amplifiers so that the signals are great-
ly compressed by 100:1 at maximum range.
The reference voltage, V2 is derived from
an accurate, 1/10%, voltage regulator and
is used as the reference signal for all
other sensor signals. It is separately
transmitted and recorded in flight so
that one has an accurate measurement of
the stability of the circuits.

Fig. 5. Graph of the data of one flight, rocket
No, 29 on May 31, 1981, .Eired dt a thun-
derstorm in northern New flexico from an
altitude of 14,500 ft. A pressure signal
relative to the scale of 1 atmosphere
corresponds to a Hach 1.06 flight. The
electric field and ionization records are
essentially ❑eaningless because of a
p~oblem of voltage OffSet dt rOCket

breakaway. In this case no booster was
used so Lhat the rocket develops thrust
only 1.6 s ~fter ignition so that the
breakaway signal of 1.6 s shcws up at a
time of roughly record number 48.

I:ig. 6. The temperature, magnetic field, and
differential pressure ❑easurement are
shown The temperature measurement of
70° C differential corresponds to Mach
1.1 flight and the magnetic field sensor
with its high gain is nonoperable agJin
because of breauiiway voltage offset. A
similar factor shows up on the differen-
t al pressure ineasurement with times 10
gain but Lhe curve in tht: rt?gio[l of
record numbers 80-150 iti consistent with
a differential of the pressure curve of
Fig. 5c.

Fig. 7a, ‘The RF sig~,al strength recejv~d o:] the
airplane The oscillations are indica-
tive of the rotatiun UI LhP rocket and
the problem of antenna polarization.
This leads to the dropouLs of the signal],
and nois~ on the record



Fig. 8. Three measurements of the same rocket
when the rocket was on the ground prior
to the thunderstorm launch ~, and
powered by its own battery, but with ~ IL
plane approaching from 2+ ❑iles dis-
tance. One c9n see on the ❑agnetic
field record 60-cycle oscillations from
a nearby power line.

Fig. 9. A blowup of one frame from a 16-mm gun
camera when a tornado was approached and
fired at on flarch 28, 1981.

Fig. 10. Shows a flight of the rocket that was
typical of the development phase where
stability and fin misalignment were a
problem. Host rockets show a trajectory
which is perfectly straight.
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